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3.  REPORT  OF  INVENTIONS 
none 

4.  SCIENTIFIC  PROGRESS  AND  ACCOMPLISHMENTS 

We  have  made  progress  in  three  areas:  (1)  ultrafast  shock  wave  spectroscopy;  (2)  ultrafast  energy 
transfer;  (3)  improving  laser  photothermal  imaging 

Shock  wave  spectroscopy.  Until  recently,  most  of  our  work  was  aimed  toward  making  the  apparatus  work  well 
and  measuring  the  shock  waves  we  generate.  Many  experiments  were  performed  with  anthracene,  to  verify  the 
performance  of  the  technique.  It  was  found  we  could  obtain  vibrational  spectra  with  25  ps  time  resolution  and 
could  determine  the  pressure  and  temperature  of  our  samples.  Most  recently  we  have  worked  mainly  on 
applications  to  energetic  materials  and  other  materials  such  as  polymers.  Unfortunately  it  turns  out  the  biggest 
shock  we  can  generate,  4-5  GPa,  is  not  big  enough  to  reliably  initiate  energetic  materials.  I  suppose  this  is 
because  initiation  tends  to  scale  like  P\  and  since  t  is  short  (our  shocks  last  for  1  ns),  pressure  P  must  be  larger 
than  anticipated.  The  more  powerful  YLF  laser  we  installed  makes  everything  work  better  and  more  reliably, 
and  it  improves  the  CARS  detection  part  of  the  apparatus,  but  it  does  not  generate  bigger  shocks.  Investigating 
why  this  is  so  might  lead  us  to  understand  how  to  make  bigger  shocks. 

We  have  studied  two  energetic  systems  in  detail  and  have  obtained  interesting  results.  These  are  NTO,  a 
high  performance  insensitive  energetic  material,  and  cyuranic  azide  (CjNjj),  a  model  system  whieh  is  an 
extremely  sensitive  material  with  relatively  simple  chemistry. 

In  NTO,  we  see  a  big  shock  go  through  the  NTO,  but  no  chemistry.  However  there  is  something 
interesting  and  totally  unexpected.  After  the  1  ns  shock  passes  through,  the  polycrystalline  NTO  layer  becomes 
partially  oriented  by  the  shock  (see  Fig.  1).  Thinking  about  it,  the  shock-induced  orientation  is  not  a  surprise, 
but  was  totally  iraexpected  and  I  have  never  seen  anything  about  it  previously.  The  implication  stems  from  the 
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fact  that  shock  initiation  of  single  crystals  can  be  orientation  dependent.  People  don’t  usually  think  too  much 
about  this  because  most  energetic  materials  are  composites  of  polycrystals.  However  if  the  shock  passing 
through  the  composite  orients  the  polycrystals  in  either  sensitive  or  insensitive  directions,  a  substantial  effect  on 
sensitivity  might  result. 

The  cyuranic  azide  experiment  was  intended  to  be  the  first  real  time  observation  of  ultrafast  shock 
induced  chemistry  using  molecular-specific  vibrational  spectroscopy  (as  opposed,  say,  to  seeing  a  flash  of  white 
light).  We  expect  the  shock  to  knock  Nj  (azide)  off  the  molecules.  We  have  actually  seen  this  and  it  is 
interesting.  We  see  the  N3  symmetric  stretch  intensity  decline  and  a  broad  feature  grow  in  about  where 
condensed  phase  Nj  should  be  (see  Fig.  2).  The  lesson  for  us  molecular  spectroscopists  is  this  new  feature  is 
incredibly  broad.  That  is  because  it  isn’t  just  N2  in  a  crystal  lattice,  it  is  in  a  crystal  lattice  being  massively 
destroyed.  Our  problem  is  we  don’t  reproducibly  initiate  the  azide.  As  we  scan  through  the  shock  sample, 
some  spots  of  the  azide  initiate  and  others  do  not.  We  are  trying  to  fix  this.  One  way  is  to  make  a  bigger  shock. 

Ultrafast  energy  transfer.  The  energy  transfer  experiments  are  going  very  well.  However  they  are  very 
difficult  and  it  takes  a  lot  of  time  to  get  the  data  and  interpret  it,  so  progress  is  a  bit  slower  than  I  would  like. 
Our  biggest  completed  accomplishment  is  a  detailed  study  of  nitromethane  with  imprecedented  time  resolution 
and  sensitivity.  We  have  done  everything  we  can  with  nitromethane.  One  thing  this  work  is  teaching  me  is  that 
essentially  everything  people  have  said  about  vibrational  energy  transfer  in  condensed  phases  is  wrong.  Things 
are  more  complicated  and  interesting  than  expected.  Our  major  finding  with  nitromethane  is  the  model  of  the 
“vibrational  cascade”  which  everybody  has  been  using  for  years  does  not  apply.  Our  early  experiments  were 
just  good  enough  to  make  us  think  we  were  seeing  a  vibrational  cascade,  but  we  were  wrong.  We  are  making  a 
lot  of  progress  on  other  systems.  We  are  trying  to  move  our  effort  along  by  studying  simple  and  supposedly 
imderstandable  model  systems  like  water  and  methanol,  and  mixing  in  some  interesting  complex  and  hard  to 
imderstand  systems  such  as  explosives,  polymers,  etc. 

Imaging  science.  For  several  years  we  have  been  taking  some  of  the  techniques  developed  in  our  ARO 
energetic  materials  effort  and  applying  them  to  laser  photothermal  imaging  processes.  Our  new  result  is 
exciting.  One  big  constraint  in  the  industry  is  the  expense  of  laser  photons.  People  are  always  looking  for  ways 
to  reduce  the  laser  exposure  fluence  requirements.  Even  an  improvement  of  10%  is  regarded  as  significant.  For 
many  years  researchers  at  3M,  Polaroid  and  other  places  have  tried  to  do  this  by  putting  energetic  materials  in 
the  imaging  materials.  The  idea  is  to  replace  some  of  the  expensive  optical  energy  with  chemical  energy. 
Nobody  has  been  successful  (in  fact  the  energetic  materials  usually  make  things  worse)  until  now.  By 
incorporating  nitrocellulose  into  a  system  used  by  Presstek,  Inc.,  for  computer  to  plate  imaging,  we  have  been 
able  to  reduce  the  exposure  threshold  by  a  factor  of  three,  which  is  a  big  deal.  Energetic  materials  in  a  thin  film 
heated  by  a  laser  don’t  explode.  They  just  decompose  and  make  hot  gas.  In  prior  designs,  this  hot  gas  just 
leaked  into  space  and  didn’t  do  much.  We  have  confined  the  hot  gas  firom  nitrocellulose  decomposition  rmder  a 
tough  silicone  rubber  coating  2.5  |rm  thick.  Anybody  who  works  with  explosives  can  tell  you  the  importance  of 
confinement.  Time  resolved  microscopy,  a  technique  developed  with  ARO  support,  has  shown  the  confinement 
is  what  decreases  the  need  for  laser  energy.  A  series  of  images  of  exploding  nitrocellulose  film  is  shown  in  Fig. 
3. 


5.  TECHNOLOGY  TRANSFER 

Presstek,  Inc.  By  studying  Presstek  laser  transfer  materials  and  applying  thermal  and  shock  models  which 
were  developed  in  the  course  of  ARO  shock  wave  experiments,  we  have  been  able  to  predict  how  the  materials 
would  respond  when  subjected  to  different  types  of  laser  pulse  conditions.  That  has  helped  Presstek  in  their 
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efforts  to  develop  partnerships  with  companies  which  make  laser  imaging  engines,  each  of  which  has  its  own 
particular  laser  exposure  condition. 

Markem  Corp.  Markem  (Keene,  NH)  uses  lasers  to  transfer  marking  materials  such  as  epoxy  resins  to 
electronic  parts.  Dlott  was  consulted  to  help  imderstand  the  mechanism,  to  optimize  the  process,  and  to  develop 
new  technologies. 

Abbott  Labs.  Representatives  from  Abbott  heard  me  talk  at  the  ACS  annual  meeting  in  San  Francisco.  They 
are  interested  in  using  laser  shock  waves  to  drill  into  skin,  to  replace  the  need  for  needles.  I  visited  their  lab  and 
talked  about  our  work.  We  might  enter  in  a  formal  collaboration  soon. 

ARL.  Kevin  McNesby  of  ARL  and  I  have  talked  a  lot  about  low  velocity  impact  and  the  sensitivity  of 
energetic  materials.  He  wrote  a  nice  paper  which  I  critiqued.  I  think  there  is  a  lot  which  is  not  known  about  low 
velocity  impact  and  I  am  thinking  about  a  new  theoretical  model  based  on  our  conversations. 
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Figure  1.  Ultrafast  CARS  spectrum  of  a  polycrystalline  film  of  NTO  with  a  4  GPa  shock.  After  the  1  ns  shock, 
the  intensities  of  some  transitions  change  on  the  ~5  ns  time  scale,  indicating  shock  induced  orientation  of  the 
nanocrystals. 
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Figure  2.  Ultrafast  CARS  spectrum  of  a  ~4  GPa  shock  going  through  a  thin  film  of  C3N12.  Before  shock  only 
the  azide  symmetric  stretch  is  seen  at  ~2160  cm‘‘.  The  broad  region  which  appears  is  attributed  to  condensed 
phase  Nj  in  a  badly  damaged  crystal  lattice. 
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Figure  3.  Time  resolved  microscopie  image  of  the  exposure  of  a  single  pixel  of  an  image  in  an  imaging  material 
with  a  silicone  coating  layer  and  an  energetic  nitrocellulose  underlayer.  The  exposure  pulse  comes  in  from  the 
right.  The  imaging  material's  surface  is  at  left.  The  laser  pulse  duration  is  100  ns.  The  diameter  of  the  exposed 
spot  is  about  30  micrometers. 
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